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SUMMARY 
Observed segregation for . reaction to stem rust in several 
oat crosses was on a monohybrid basis except in the cross 
Sac x Hajira-Joanette where segregation was observed 
to be on a three-factor basis. A mesothetic type of reaction 
to the composite of races 2 and 8 was observed in seedling 
plants classified as susceptible in two crosses, Mindo x 
Tama and Sac x Hajira-Joanette. Since no segregation was 
observed for reaction to race 2 in either of the two crosses, 
one factor pair for resistance to race 8 must be allelic to 
the one governing resistance to race 2 possessed by Tama 
and Hajira x J oanette. 
Segregation for reaction to races 1 and· 45 of crown 
rust was on a monogenic, digenic or trigenic basis in dif-
ferent crosses investigated. Five different factors for resis-
tance to crown rust were identified in this study: A and 
B, complementary dominant factors which give the Bond 
type (type 0) of resistance of race 1; L, a simple dominant 
which gives the Landhafer type of resistance (type 0-1) 
to races 1 and 45; S, a simple dominant from Santa Fe 
which governs resistance (type 0) to races 1 and 45; and 
V, a simple dominant of the hypersensitive type (type 2) 
from Victoria which also governs resistance to races 1 
and 45. The factor from Santa Fe (S) appears to be of 
great promise as a source of resistance to the relatively 
prevalent race 45. Many desirable agronomic progenies 
possessing resistance to races 1 and 45 from the cross of 
Santa Fe x Clinton have been selected for further testing. 
Very few selections have been made from Mindo x Land-
hafer for testing in F 4' The L factor does not appear to 
be too satisfactory under the conditions of this experiment 
for resistance in the mature plant stage. 
Susceptibility to H elminthosporium victoriae was in-
herited as a simple dominant and completely linked with 
the hypersensitive type of resistance to P1£ccinia coronata 
avenae possessed by Victoria. Genetic evidence was pre-
sented which suggests that resistance or susceptibility to 
these two diseases is dependent upon the same factor pair. 
This relationship would further suggest the inadvisability 
of utilizing the hypersensitive type of resistance to P. cor-
onata avenae of Victoria in attempting to obtain resistance 
to race 45. The most satisfactory method of salvaging the 
numerous commercial varieties possessing this type of 
resistance to crown rust (Vicland, Boone, Cedar, Osage, 
Tama, etc.) is to remove the V factor and at the same 
time add such a factor as the one from Santa Fe or 
Landhafer. 
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Agreement between seedling and mature plant reaction 
was generally good for the diseases investigated. 
Nodal pubescence, basal hairs and earliness were mono~ 
genic in their inheritance, while dwarfness appeared mono~ 
genic in one cross and digenic in two others. No linkage 
was found between these plant and seed characters. 
Stem rust reaction and factors governing (~iown rust 
resistance were inherited independently of each other 
and of basal hair numbers, earliness and dwarfness. Re~ 
action to H. victoriae was independent of dwarfness and 
factors A and B for resistance to race 1 of P. coronata 
avenae, but it was completely linked with or governed by 
the same factor for susceptibility to H. victoria,e. A strong 
linkage between pubescent nodes and susceptibility to stem 
rust was observed in three widely different crosses. A 
possible linkage of stem rust reaction and reaction to 
crown rust occurred in the cross of Sac x Hajira-Joanette. 
It was impossible, however, to determine the nature of this 
association. 
Inheritance of Resistance to Specific 
Races of Crown and Stem Rust, to 
Helminthosporium Blight, and of Certain 
Agronomic Characters of Oats.' 
By S. C. LITZENBERGER2 
Crown rust, stem rust and Helminthosporium or Vic-
toria blight have been the most important diseases of oats 
in this country in recent years. The most satisfactory 
method of controlling these diseases is by growing resis-
tant varieties. Plant breeders throughout the world are 
making an effort to develop new biological entities which 
will give maximum production under their specific environ-
ments. Any knowledge that will facilitate the development 
of superior strains of oats, such as that gained from an 
inheritance study, should be of value to the plant breeder. 
The present study report.s the results of experiments on 
the mode of inheritance of resistance of oats to races 1, 
6 and 45 of Puccinia coronata avenae, Eriks. & E. Henn. 3 
(crown rust), races 2, 5, 8 and 10 of P. graminis 
lContribution from the Botany and Plant Pathology Sectian and Farm Crops Sub-
section, Agronomy Section, of the Iowa Agricultural Experiment Station In co-
operation with the Bureau of Plant Industry, Salls and Agricultural Engineering, 
United States Department of Agriculture, ProJects 72 and 654. Supported In 
part by funds supplied by Quaker Oats Company. 
The material presented In this bulletin represents a revision of a thesis of a 
similar title which was submitted by the writer to the Graduate Faculty of 
Iowa State College in partial fulflllment of the requirements for the degree of 
doctor of philosophy In March, 1948. A complete copy of the thesiS Is on file 
In the Iowa state College Library. 
'Formerly Industrial Fellow in Botany and Plant Pathology Section, Iowa 
Agricultural Experiment Station, Iowa State College. Now agronomist, Alaska 
Agricultural Experiment Station, Palmer, Alaska. 
The writer Is grateful to Drs. H. C. Murphy and 1. J. Johnson, under whose 
direction the Investigations were made, to Drs. E. W. Lindstrom, M. G. Weiss 
and W. F. Buchholtz for helpful suggestions and criticisms In preparation of 
the manuscript, to the Iowa Agricultural Experiment Station in cooperation with 
the United States Department of Agriculture for providing seed. pathogens and 
cultural facilities, and to the Quaker Oats Company for financial assistance through 
an industrial fellow8hip. 
"According to strict interpretation of the International Rules and Botanical 
Nomenclature. crOWn rust and stem rust should b2' designated Puccinia corOllata 
Corda, f. "p. avenae (Eriks. & E. Henn.) Eriks., P. gra""nis Pers., f. sp. avenae 
(Erik •. & Henn.) EHks. respectively; designation of each rust as a spEcial form 
(forma· specialh; f. sp.) is also in accordance wit" these rules. B"'Ruse of grEater 
simplicity the names of these two rusts arc writk'n as simple trinomials throughout 
the text. 
Reference to races 1 and 6 of P. coronala avenae will be as race 1 throughout 
the paper: races 2 nnd 5 of P. gram;,,;s avenae will be. nS raoe 2; and raelS 8 
and 10 of P. gram;.l;s aVellae will be as race 8. None of the parental varieties 
used In this study differentiated these pairs of races; thus there was no at-
tempt to distinguish between them. 
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avenae Eriks. & E. Renn. (stem rust), and H. victoriae 
Meehan & Murphy (Helminthosporium or Victoria blight) 
in six different oat crosses. Records wel'~ also taken and 
reported on certain morphological characteristics such as 
dwarfness, earlines5, number of basal hairs and nodal 
pubescence for determining possible linkage relationships. 
REVIEW OF' LITERATURE 
REACTION TO STEM RUST 
Inheritance of resistance to Puccinia graminis avenae 
was first reported by Garber (12, 13) 4 who studied 
progenies of crosses of White Russian (White Tartar), a 
resistant variety, with two susceptible varieties, Minota 
and Victory. He found that resistance to stem rust was 
inherited as a single dominant factor. Since this early 
report others (3, 7, 17, 18, 19, 21, 36, 40, 43, 45) have 
reported similar results regardless of whether or not they 
used composite inoculum or individual races. A single re-
cessive gene for resistance was reported by Dietz (7) in 
a cross of White Russian with a selection from Burt while 
two factors, one operating as an inhibitor and the other 
as a dominant for resistance, were necessary to explain his 
results when he studied progenies of another strain of 
Burt oats crossed with White Russian. Reaction of seedlings 
was consistent with adult plant reaction in all of the 
studies reviewed. Also, the re{lction to stem rust was in-
herited independently of such characters as lemma color, 
length, strength or presence of awns, basal articulation, 
number and length of basal hairs, culm diameter, breaking 
strength of straw, panicle type, maturity, shattering and 
reaction to loose and covered smut, blast and crown rust. 
The inherent resistance of the principal varieties of 
oats to 12 races of P. graminis avenae has been summariz-
ed by Levine and Smith (22) and Newton, et al. (31) who 
have classified oat varieties into six major groups typified 
by the varieties White Tartar (Group I, resistant to races 
1, 2, 5, 8, 9 and 10), Hajira x Joanette and Garry (Group 
II and III, respectively, resistant to all 12 races), Richland 
(Group IV, resistant to races 1,2, 3, 5, 7 and 12), Joanette 
strain (Group V, resistant to races 1, 3 and 4), and Bond 
(Group VI, not resistant to any of the 12 races). Resis-
tance to all known races of P. graminis avenae is now 
'Reference by number Is to LIterature CIted, page 494. 
457 
available for incorporation into varieties of desirable agro-
nomic type. This includes resistance to the newly reported 
race 14 isolated from Poa ampla Merr. by Fischer and 
Claassen (9). 
REACTION TO CROWN RUST 
The inheritance of resistance to P. coronata avenae is 
much more complex than the inheritance of resistance to 
P. graminis avenae. Factorial analysis necessary for in-
terpreting results obtained with different crosses inves-
tigated range from a simple dominant factor for resistance 
(3, 4, 5, 8, 19, 28, 30, 44) to a multiple factor hypothesis 
with susceptibility partially dominant (33). 
Various two-factor differences for resistance have been 
reported by numerous workers. Dietz and Murphy (8) 
found in addition to a factor pair governing resistance. an 
inhibitor gene which re> ulted in an F 2 segregatiol!. of 18 
susceptible to 3 resistant. Similarly, Torrie (40) and Ko, 
et al. (21) report the presence of a partial inhibitor gene 
which masks crown rust resistance. This results in a 
modified complementary interaction. Two dominant com-
plementary factors were found by Hayes, et al. (19), 
Weetman (44), and Ko, et al. (21), while four factor 
pairs, two sets of dominant complementary factors, ex-
plained the results of Cochran, et al. (3). One set of these 
complementary genes governed resistance, while the other 
set acted as dominant complementary inhibitor genes 
which were epistatic to the genes for resistance. 
Resistance of Bond to race 1 is distinct from that of 
Victoria (3, 44) which imparts resistance to 'races 1 and 
45. The resistance of Bond which approaches immunity 
is conditioned by two dominant complementary genes, 
whiie Victoria type of resistance is dependent upon one 
dominant factor. Smith (36) was unable to recover the 
number 6f susceptible types expected on a single factor 
basis in crosses of Victoria with Minrus, Anthony, and 
the Double Cross II-22-220. 
In correlated inheritance studies (19, 36, 40) all charac-
ters studied in relation to crown rust 'were inherited in-
dependently of each other. An apparent complete linkage 
between resistance to crown rust and susceptibility to 
Helminthosporiunt victoriae was reported by Murphy and 
Meehan (28). Association between seedling and mature 
plant reaction to crown rust was strong (3, 19, 36, 40). 
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. The number of races of P. coronata- avenae is great and 
largely depends upon the number of differential varieties 
used. On the basis of unpublished data on 13 differential 
varieties, Murphy (26) has reported 87 known races as 
occurring in North America. Straib (39) using 15 dif~ 
ferential varieties isolated 142 races in Europe, while 
Vallega (41) described 4 races in Argentina with 13 stan-
dard varieties. Bond is highly resistant to 79 of the 87 
races reported by Murphy (26). Of the races to which 
'Bond is susceptible, only race 45 has become sufficiently 
prevalent in the United States in recent years to threaten 
the continued good performance of newer varieties such 
as Clinton, Benton, Mindo, Bonda and others (1, 34). 
Victoria is resistant to 83 of the 87 reported races of crown 
rust (26). None of the races which attack Victoria is pre-
valent in the United States, but the use of the hyper-sen-
sitive type of resistance is limited because of the asocia-
tion of it with susceptibility to H. victoria-e. 
REACTION TO HELMINTHOSPORIUM VICTORIAE 
Reaction in the F2 to H. victoriae was according to a 
single factor difference with susceptibility completely dom-
inant in eight crosses studied by Murphy and Meehan 
(28). Field and greenhouse varietal reactions were not 
different. A complete linkage for genes governing resis~ 
tance of the Victoria type to crown rust and susceptibility 
to H. victoriae was suggested from the results obtained. 
CHARACTERS OTHER THAN REACTION TO DISEASE 
Dwarf oats found in a head row of Victory were re-
ported by Warburton (42) to contain a single gene in-
herited as a simple recessive while a simple dominant gene 
was found by Stanton (37) to control dwarfness in seg-
regates from Aurora x Pringle Progress and Winter Turf 
x Sixty-Day, all normally tall oat varieties. It was not 
possible to interpret inheritance of dwarfness on a fac-
torial basis in the study by Goulden (16). 
Evidence of a single factor (6, 35), two factors (14, 
40), three factors (2), and multiple factors (6, 32, 35, 40) 
governing earliness has been variously reported in dif-
ferent crosses investigated. Partial dominance of earliness 
has been reported by several investigators (14, 32, 35, 40). 
Earliness was found inherited independently of crown 
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and stem rust reaction in one cross involving Bond (40). 
The number or length of basal hairs" was found' by most 
workers (11, 19, 35, 36, 40) to be dependent upon one 
factor pair with shortness or no (or few) basal hairs dom-
inant. Only Shaw and Bose (35) reported a di-hybrid 
ratio for basal hair number. Other than the linkage re-
lationship with other seed characters, such as spikelet dis-
articulation, hairy rachilla, floret disjunction and awning, 
basal hairs have been reported inherited independently. 
This includes reaction to the rusts. 
No inheritance studies have been found which report 
the presence or absence of nodal pubescence in oats. 
MATERIALS 
Six oat crosses were selected for this study from a num-
ber of crosses which had been made in the greenhouse at 
Ames, Iowa, during the winter of 1944-45 as part of the 
cooperative oat improvement program at the Iowa Agricul-
tural Experiment Station. Reaction to specific races of 
Puccinia graminis avenae, P. coronata avenae and H elmin-
thosporium victoriae, together with a brief description of 
characters investigated for the parents of the .different 
crosses, are presented in table 1 and illustrated in figs. 1 
and 2. All parental varieties belong to the species A vena 
sativa L., except Bond and Landhafer, which belong to A. 
byzantina C. Koch. Victoria, Santa Fe and Landhafer are 
introductions from South America. Bond, an Australian 
introduction, was selected from A. sterilis x Golden Rain. 
D67, Tama, Clinton and Sac were developed cooperatively 
by the Iowa Agricultural Experiment Station and the Uni-
ted States Department of Agriculture. D67 is a selection 
from Richland x Green Russian. Tama is a Victoria x Rich. 
land selection which possesses the crown rust resistance 
of the Victoria parent. Clinton and Sac were selected from 
the ~ross of D69 (Richland x Green Russian) by Bond. 
The Minnesota Agricultural Experiment Station selected 
Mindo from a cross of Bond x (Minota-White Russian x 
Black Mesdag). Hajira x Joanette was selected in Canada 
by Welsh (46) as being resistant to all known races of 
stem rust. 
. Subsequent increases and collections of races 1 and 45 
of P. coronata avenae and races 2 and 8 of P. graminis 
avenae were made on the following varieties: Iogold (P. 
coronata avenae, race 1), Clinton (P. coronata avenae, 
l'ADI.E 1. P.EACTION 01<' PARENT LINES TO Dli";;'E::::::NT nACES OF PUCCINIA CRA.111NIS AV£:NA,-::, P. CORONATA /lVrNAI: ,nJ 
HELMINTlIOSPGRIU.i! VICTORUE, TOGETHER WITH PLANT AND SE!':D CHARACTERS O~ i'AR,ENIS. 
Reaction of parent lines" Contrasting plant and seed characters studied 
P. g:raminis P. COTonata 
uvenae avenae 
Variety Nodal No. of 
and C. I. Races Races Races Race H. vic- pubes- Dwarf- hasal 
cross no. 2, 5 8, 10 1, 6 45 toriae cence ness hairs Earllness 
Bond 2733 8(4) 8(4) R(O) 8(4) R 
Victoria 2101 8(4) 8(4) Rr2) Rt2l 8 
Minda 4328 R(2) R(2) R(O) 8(4) R Normal 
Tama 3502 R(2) 8(41 R(2) 1~(2) 8 Normal 
D67 2870 R(2) R(2) 8(4) 8{41 R Abs,nt Normal None 
Bond 2733 8(4) 8(4) R(O) 8(4) R Present Normal Numerous 
Minda 4328 R(2) R(2) R(O) 8(4) R A'>s.nt Normal None 
Landhafer 3522 8(4) 8(4) R(O) RIO) R Present Normal Numerous 
8anta Fe 4518 8(4) 8(4) R(O) RrO) R Present LatC 
Clinton 3971 R(2) R(2) R(O) 8141 R Abs,nt Early 
Bac 3907 R(2, R(2) R(O) 814) R Normal 
Hajira x 4023 Ttll) R(I) 8(4) 8(41 R Normal 
Joanette 
'Reaction of host to p~thogen; R, resistant; 8, suscep:lble. Numbers In paranth~s·s rerer to infection type: 0, nearly immune; I, highly 
resistant; 2, modor.1tcly res·stant; 3, moderately susceptible; 4, completely susceptible. 
II>-
e'> 
o 
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Fig. 1. Seedling: reaction to Puccinia #1raminis avenae: (1) uninoculated check; (2) 
highly relistant or type 1 of Hajira x Joanette, (3) moderately resistent or type 2 of 
CI:o'oo, D67, Mindo, Sac and Tama (race 2); (4) highly susceptible or type 4 of 
Bond, Victoria and Tama (race 8); and (5) mesothetic or type x of a Sac x Hajira-
Joan~tte ~eg!"egate. 
race 45), Landhafer (P. graminis avenae, race 2), and 
Boone (P. graminis avenae, race 8). Helminthosporium 
victoriae was cultured as suggested by Litzenberger and 
Murphy (23). 
EXPERIMENTAL METHODS 
FIELD STUDIES 
Fz and F:l generations of all crosses investigat9d were. 
grown in 1946 and 1947 at Ames, Iowa. About a hundred 
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Fig. 2. Seedrn~ re:l.:tion "0 Puccint<l coron Jfta avenae: (1) unino -uJated check' r-early 
;rnt:lune or t)me 0 of (2) Bond. Cl'nton, Mindo and Sac, (3) Landhafer end (4) Santa 
Fe; moderately re btant o r type 2 of (5) V:ctoria and Tama; and (6) highly susceptible 
or tyroe 4 of 067 and Hajira x Jo::.nette and of Bond, Clinton, Mindo &nd Sac to 
race 45 . 
F2 seeds of each cross were space-planted 4 inches apart 
in rod rows with the parental varieties in the two adjacent 
rows. Five such seedings were made at isolated locations 
so that epiphytotics of each race of Puccinia graminis 
avenae, P. coronata avenae and H elminthosporium vic-
toriae could be made possible for each cross included in the 
study. Several rows of susceptible hosts, the same varieties 
as those listed for greenhouse increase, were seeded around 
each n~lrser:v. '{'he sm·ceptible F2 plants in the differ·ent 
nurseries were tagged and at harvest time the plants were 
pulled, brought to the labor~tory and threshed individual1y 
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so that the Fa breeding behavior of each F2 plant could 
be studied. , 
Fa prop,-enies with sufficient seed for testing were plant-
ed in 1947 in 4-foot rows with approximately 35 seeds per 
row. The number of lines of each cross planted ranged from 
347 to 486, mortality being high in some crosses. A com-
posite of various races of P. graminis avenae and P. coro-
nata avenae was used as inoculum in the field during 1947. 
Classifications of F2 and Fa plants alw were made for 
dwarfness, nodal pubescence; number of basal hairs on 
the lower floret, and earliness. Different classes recognized 
for these physical characters are similar to those reported 
by other workers who have studied their mode of inheri-
tance. They are as follows: for dwarfness, normal and 
dwarf; basal hairs, numerous and absent; nodal pube-
scence; pu.bescent and: nonpu,bes-cent; and earliness, early 
and late. 
Epiphytotics of stem rust and crown rust were most 
effectively produced by hypodermically injecting a sus-
pension of uredospores into culms of the susceptible seed-
ling plants grown in border rows in the nursery. Inocula-
tions were continued until an epiphytotic prevailed in the 
susceptible borders. Uredospores also were dusted over 
the entire nurseries during several evenings following rain, 
but this method was relatively ineffective in establishing 
epiphytotics. There was adequate rust infection for proper 
classification of the material each season. 
During 1946 H. victoriae was sprayed as a mycelial sus-
pension on seedlings during late evening following a rain. 
Approximately 50 milliliters of "basic" mycelial suspen-
sion, prepared according to the method de~cribed by 
Litzenberger and Murphy (23) was applied with an or-
dinary hand sprayer to 100 plants. Such a treatment did 
not kill the susceptible plants before some seed was pro-
duced. Susceptible plants could be readily distinguished 
from resistant ones, as noted by Meehan and Murphy 
(24), by premature ripening, blackened nodes and 
broken-over culms near the ground line. A few days 
following application of the mycelial suspension the 
lower leaves of susceptible plants became reddish-
orange. 
GREENHOUSE STUDIES 
F2 and Fa generations of the several crosses investigated 
were grown in the greenhouse in 1946 and 1947. Only F2 
progenies from the cross of Bond x Victoria were studied 
464 
during 1946. Approximately 300 F 2 plants from each cross 
were grown. When individual plants were studied for re-
action to different races of rust, the first leaf was inoculat-
ed with race 1 or 45 of P. coronata avenae, and after 
readings were completed, the leaf was removed and the 
second leaf was inoculated with a composite of races 2 
and 8 of P. graminis avenae. Following the recording of 
the reaction to stem rust, a third .inoculation was made 
on another blade of these same plants with the second 
race of crown rust. 
Spores were applied to the leaf surface of indivi:llHll 
plants with a flat needle using the method described by 
Murphy (27). When F2 plants and their F:\ progenies 
were inoculated with only a single race, spores were ap-
plied by dusting with a mixture of 1 part spores to about 
50 parts talc. After dusting the plants were placed in a 
moist chamber for 24 hours and then removed to the green-
house bench for incubation. This method proved very ef-
fective in obtaining uniform infection. Rust readings were 
made about 10 days after inoculation. Seedlings were 
classified according to their rust reaction using the in-
fection types described by Murphy (27) and Levine and 
Smith (22). Infection types 0, 1 and 2 were classified 
a's resistant, while types 3 and 4 were classified as sus-
ceptible. 
To determine the reaction to H. victoriae in the green-
house, the method described by Litzenberger and' Murphy 
(23) was employed. Seedling plants were sprayed with a 
5 percent dilution of the unscraped basic mycelial sus-
pension and placed in a moist chamber for at least 36 
hours before removal to the greenhouse bench. Only two 
classes of reaction, resistant or susceptible, were recog-
nized following inoculation with H. victoriae. Susceptible 
plants died while resistant ones were unaffected. 
For character studies in the greenhouse other than dis-
ease resistance, F'2 plant progenies were classified accord-
ing to classes given in the previou.s section. For most re-
ports of inheritance of characters, other than reaction to 
disease, only Fa dBta are lhted. 
STATISTICAL ANALYSIS OF DATA 
The chi-square test was used for determining goodness 
of fit of observed data with those expected, and for as-
sociation of specific characters. 
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Linkage intensities were estimated from F3 data by the 
method of maximum likelihood described by Immer (20) 
and later simplified by Stevens (38). 
EXPERIMENTAL RESULTS 
INHERITANCE OF REACTION TO STEM RUST 
Seedling and mature plant reactions to races 2 and 8 
of Puccinia graminis avenae were investigated in six dif-
ferent oat crosses: Bond x Victoria, Mindo x Landhafer, 
D67 x Bond, Santa Fe x Clinton, Mindo x Tama, and 
Sac x Ha,iira-Joanette. The reaction of seedling plants 
to specific races was determined in the greenhouse, while 
reaction of mature plants to artificially induced epiphyto-
tics was obtained in the field during 1946 and 1947. The 
reaction of F2 plants to separate races was obtained ill 
the field, while reaction of the F<l lines was obtain.ed only 
to a composite of the two races. In the greenhouse a com-
posite of races 2 and 8 was used for determining the re-
adion of F2 and Fa generations. 
Segregation for reaction to stem· rust under field and 
greenhouse conditions and tests for goodness of fit nre 
presented in table 2. Studies on inheritance of stem rust 
resistance are reported under three major parental head-
ings. 
CROSSES OF SUSCEPTIBLE VARIETIES 
In a single planting in the greenhouse, no' segregation 
was observed for resistance in the seedling stage to a com-
posite of races 2 and 8 among 114 F2 plants of the cross 
of two susceptible varieties, Bond x Victoria. Uredia on 
the· progeny were like those on the susceptible parents, 
type 4 or highly susceptible. This is as expected, since 
neither variety possesses known genes for resistance to 
these races of stem rust. 
CROSSES OF RESISTANT AND SUSCEPTIBLE VARIETIES 
Progenies of four crosses each involving resistant and 
susceptible parents were studied in the greenhouse and 
field for reaction to races 2 and 8 of stem rust. The crosses 
Mindo x Landhafer, D67 x Bond, and Santa Fe x Clinton, 
·each have one susceptible parent, while in the Minda x 
TABLE 2. INHERITANCE O!F RESISTANCE TO RACES 2 AND 8 OF PUCCINIA GRAMINIS AVENAE IN SEVERAL OAT CROSSES 
GROWN IN THE FIELD AND GREENHOUSE. 
Observed No. of plants or llnes Varietal combination and Inoculum Gener- or Chl-
o location of eplphytotlc (races) atlon expected· Res. Beg. Suso. square. P 
Cr.osses of susceptlbles 
Bond x Victoria 
Greenhouse 2,8 F. a 114 0.0 1.0 Crosses of resistant and susceptlbles E 114 Minda x Landhafer 
Field 2 F. 0 53 17 0.02 0.9-0.B 
E S2.5 17.S 
Field 8 F. a 51; 12 1.B 0.2-0.1 
E 50.3 16.8 
Field 2,8 Fa a 85 186 76 2.3 0.4-0.3 
E 86.8 173.5 86.8 
Greenhouse 2,8 Po·· a 224 84 0.9 0.4-0.3 E 231 '17 
Mlndo x Tama 
Field 8 F. 0 60 20 0.0 1.0 
E 60 20 
. Fleld 2,B F • 0 91 198 85 1.6 0.5-0.4 
E 93.5 187 93.5 
Greenhouse 2,8. PJ·· 0 227 83 0.5 0.5-0.4 
E 232.5 '17.5 
Crosses of resistant and susceptlbles 
D67 x Bond 
Field :I F. 0 71 18 1.1 0.3-0.2 
E 86.8 22.3 
Field 8 F. 0 64 . 18 0.2 0.'1-0.8 
E 62.3 20.8 
Field 2,8 Fa a 118 213 107 1.0 0.7-0.6 
E 1011.8 219.6 108.8 
-
~-
~ 
m 
TABLE 2 (Continued) 
Observed ~ 
Varietal combination and Inoculum Gener- al' No. of plants or lines Chl-
location of eplphytotlc (races) atlon expected· Res. Seg. Suse. square p 
Crosses of resistant and susceptlbles 
(Continued) 
Greenhouse 2,8 F. 0 234 96 3.0 0.1-0.05 
E 247.5 , 82.5 
santa Fe x CI1nton 
Field 2 F. 0 56 19 0.01 1.0-0.9 
E 56.3 18.8 
Field 8 F. 0 66 25 0.3 0.9-0.8 
E 68.3 22.8 
Field 2,8 F. 0 101 213 98 0.5 0.8-0.'1 
E 103 206 103 
Greenhouse 2,8 F. 0 211 75 0.2 0.7-0.6 
E 214.5 71.5 
Crosses of resistants 
Minda x Tama 
Field 2- F. 0 '18 0.0 1.0 
E '18 
Sac x HaJlra-Joanette 
Field 2 F. 0 86 0.0 1.0 
E 88 
Field 8 F. 0 100 4 3.5 0.1-0.05 
E 102.4 1.6 
Field 2,8 F. 0 286 188 12 3.1 0.3-0.2 
E 281 197.4 '1.6 
Greenhouse 
C-'""'IU 
0.3 0.6-0.5 2,8 I 0 354 '1 E 355.4 5.6 
.In the crosses where segregation occurred for reaction to stem rust chi-square was calculated on the expected. ratio of 3:1 or 1:2:1 as 
the case required, excep: In the cross of Sac x HaJlra-Joanette, Where the eXDected was 63:1 01' 37:26:1. 
··Calculatlons baaed on corrected F., since a few F. plants wero IIllaclasslfled. 
".. 
CI) 
...::I 
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Tama cross, Mindo is resistant to races 2 and 8 and Tama 
is resistant only to race 2. 
Segregation for stem-rust reaction gave a good fit to the 
3:1 or 1 :2:1 ratio expected in the F2 or Fa, respectively, 
on a monogenic basis. both in seedling and mature-plant 
stages (table 2). All P values fell 'between 1.0 and 0.1. 
Evidently a single dominant gene was responsible for re-
sistanee to races 2 and 8 in the varieties Mindo, D67 and 
Clinton. Since Tama and Mindo are genetically different, 
as evidenced by their differential reaction to race 8 and 
the. lack of oc'(!urrence of progenies susceptible to race 2 
in the F2 or Fs, it would be logical to assume that thE' 
genes of Tama for resistance to race 2 and those for 
resistance to races 2 and 8 of Mindo form an allelic series. 
In anyone cross, as was observed in the case of Mindo x 
Tama, the only homozygous types that could be obtained 
are parental types, i. e., those resistant to race 2 or those 
susceptible to race 8 or a composite of the two races. 
CROSSES OF RESISTANT VARIETIES 
Varying results were obtained with crosses of resistant 
vr.rieties (table 2). In the cro~s of Mindo x Tama no se re-
gation for reaction to race 2 was observed. All progeniea 
are resistant (type 2) to this race. However, as noted in 
the previous section, segregation occurred for reaction to 
race 8 on a single factor basis with resistance dominant. 
Therefore, the factor pair governing resistance to race 
2 of Tama must be allelic to the factor pair of Mindo that 
governs r~sistance not only to race 2, but to race 8 as well. 
Thus, one 'would expect, as was observed, no segregation 
for -reaction to race 2, but segregation on a monohybrid 
basis for race 8. This was phenotypically obvious in prog-
enies inoculated with a composite of the two races. Plants 
susceptible to a composite of races were actually suscep-
tible to race 8, but not to race 2. The plants thus exhibited 
a mesothetic reaction, i. e., race 8 pustules continued to 
develop into a 4-type reaction, while race 2 did not develop 
beyond the 2-type stage. Under field conditions the me-
sothetic reaction was not apparent because of the masking 
action of race 8 on susceptible hosts. 
The segregation pattern in the cross of the two resis-
tant varieties, Sac x Hajira-J oanette, was similar to that 
observed in the Mindo x Tama cross. Both parents were 
resistant to races 2 and 8, but plants exhibiting a mesothe-
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tic reaction to a composite of these races occurred among 
the F2 and F;'l progenies. Plants with a mesothetic seed-
ling reaction (types 2 and 4) appeared to be susceptible 
(type 4) as they became older. Under field conditions 
plants which might have given an early mesothetic re-
action also gave a susceptible reaction (type 4). 
Since plants classified as mesothetic later appeared sus-
ceptible both in seedling and mature plant stages, and 
those plants classified as resistant (types 1 and 2) remained 
resistant, separating the progenies into two classes (re-
sistant or susceptible) was considered sound. As can be 
seen in table 2, occurrence of these susceptible types was 
on a three-factor basis with resistance dominant in the 
seedling and mature plant stages when source of inoculum 
was either race 8 or a composite of races 2 and 8. In the 
field four F2 plants in a population of 104 were susceptible 
to race 8, and in an F3 population on this same cross, 12 
lines out of 486 were susceptible to a composite of races 
2 and 8, 286 were resistant and 188 segregated· variously 
for resistance and susceptibility. In another population 
investigated in the greenhouse '7 out of 361 plants were 
susceptible to the composite inoculum of the two races. No 
segregation for resistance to race 2 was observed under 
field conditions or in the greenhouse. All plants susceptible 
b tho composite inoculum and ra'ce 8 were indivi-
dually checked and found to be resistant to race 2. P 
values for the three populations studied with respect to 
reaction to race 8 and a composite of races 2 and 8 were 
between 0.6 and 0.05, which indicated that the observed 
segregations did not deviate significantly from the ex-
pected trigenic ratio, with resistance dominant. 
Although observed segregation was on a three-factor 
pair basis, four different factors for resistance to races 
2 and 8 were apparently involved in the cross of Sac x 
Hajira-Joanette. Two were allelic and behaved in a manner 
similar to that described in the Mindo x Tama cross. This 
resulted in no segregation for susceptibility to race 2, but 
there was segregation for susceptibility to race 8 on a 
monohybrid basis at this locus. It can be assumed from 
other studies that Sac carries the factor governing resist-
ance to races 2 and 8 and Hajira x Joanette possesses the' 
aIlel for resistance to race 2. The other two factor pairs 
which give resistance to race 8 would have to be carried 
by Hajira x Joanette in the dominant condition. Thus, in 
crosses there would be segregation on a three-factor basis 
TABLE 3. INHERITANCE OF RESISTANCE TO RACE 4S OF PUCCINIA CORONATA AVENAE IN SEVERAL OAT 
CROSSES GROWN IN THE FIELD AND GREENHOUSE 
Varietal combination Observed No. of plants or lines 
and location of Gener- or 
eplphytotlc atlon expected" Res. Seg. or Int. 
Crosses of susceptlbles 
067 x Bond 
Field F. 0 
E 
Field F. O. 
E 
Greenhouse F. 0 E 
Sac x Hajlra-Joanette 0 Field F. E 
Field F. 0 E 
Greenhouse F. 0 E 
Crosses of resistant and susceptlbles 
Bond x Victoria 82 Greenhouse F. 0 E 85.5 
Mlndo x Tama 63 Field ' F. 0 
E 61.5 
Field Fa 0 82 183 
E 93.5 187 
Greenhouse F2"'~ 0 229 
E 235.5 
Mlndo x Landhafer 45 Field F. 0 
E 54 
Greenhouse Fa 0 79 
E 87.3 179 
Greenhouse 
, I F2.·· 0 377 174.5 E 369.8 
Santa Fe x Clinton 
Field F. 0 60 
E 64.5 
Field Fa 0 101 213 
E 103 206 
Greenhouse F. 0 73 141 
E 71.5 143 
'Expected ratios In F. plants or lines were on the basis of 3:1 or 1:2:1, respectively. 
"Observed numbers are on a partially corrected Fa basis. 
Chl-
Susc. square 
93 0.0 
93 
439 0.0 
439 
330 0.0 
330 
103 0.0 
103 
486 0.0 
486 
361 0.0 
361 
32 0.6 
28.5 
19 0.2 
20.5 
109 4.1 
93.5 
85 0.7 
78.5 
27 6.0 
18 
91 1.1 
87.3 
116 0.6 
123.3 
26 1.3 
21.5 
98 0.5 
103 
72 0.1 
71.5 
P 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.5-0.4-
~ 
o 
0.7-0.6 
0.2-0.1 
0.5-0.4 
<0.05 
0.6-0.5 
0.5-0.4 
0.3-0.2 
0.8-0.7 
0.9-0.8 
471 
for reaction to race 8 and to a composite inoculum of 2 
and 8, while all progenies would be resistant to race 2. 
Some of the segregating lines exhibited increased resist-
ance to races 2 and 8 of P. graminis avenae beyond that of 
either parent, since types were observed which approached 
an 0 type reaction. Selections from this cross might serve 
as an excellent reservoir of germ plasm for increased re-
sistance to stem rust. 
INHERITANCE OF REACTION TO CROWN RUST 
Reaction of seedling and mature plants to races 1 and 
45 of P. coronata avenae was investigated in the same six 
crosses studied for reaction to P. graminis avenae. Mature 
plant reactions were recorded in the field during 1946 and. 
1947, while seedling observations were made in the green-
house. Since inheritance of reaction to race 45 and to race 1. 
is quite different, the results are reported separately. 
INVESTIGATIONS WITH RACE 45 
CROSSES OF SUSCEPTIBLE VARIETIES 
As shown in table 3, no segregation was observed for 
rea·ction to race 45 in different groups of F2 and F3 prog-
enies of D67 x Bond and Sac x Hajira-Joanette. All segre-
gates were as susceptible (type 4) to race 45 as their 
parents in the seedling and mature stages. 
CROSSES OF RESISTANT AND SUSCEPTIBLE VARIETIES 
Progenies of Bond x Victoria, Mindo x Tama, Mindo x 
Landhafer and Santa Fe x Clinton were studied in the F 2 
and F 3 for reaction to race 45 of crown rust. Victoria and 
Tama possess a hypersensitive type of resistance (type 2) 
to race 45, while Landhafer and Santa Fe have one of 
near immunity (type 0). As shown in table 3, segregation 
for reaction to race 45 in the F2 and Fa was very similar 
for the four crosses. This was evidenced by occurrence of 
resistant and susceptible plants in the F 2 and F 3 in the 
ratio of 3 resistant to 1 su.sceptible or F 3 lines breeding 
in the ratio of 1 resistant: 2 segregating: 1 susceptible. 
The observed and expected segregation on a single factor 
difference was very close, as indicated by relatively high 
P values. Only in one grou.p of 72 F2 progenies of the 
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Mindo x Landhafer cross in the field was there a com-
paratively poor fit to the expected ratio of 3 resistant to 1 
susceptible (P=O.02-0.01). Eighteen was the expe'cted 
and 27 the observed number of susceptible plants in this 
small population. This slight discrepancy may be the re-
sult of a poor sample. . 
Although resistance to race 45 was inherited on a single 
factor difference in the four crosses, the factors for re~ 
sistance to crown rust carried by Landhafer, Santa Fe 
and Victoria or Tama may not be the same. The Victoria 
gene (V) for resistance to race 45 probably is different 
from the others because of its distinct type reaction. Re-
sistance is apparently the result of destruction of host 
cells around the infection locus. As a result the obligate 
parasite's ,development is terminated, and the host is 
in effect· resistant. Victoria type of re~istance to 
P. C01'onata avenae affords adequate host protection under 
field conditions. 
Santa Fe and Landhafer in the seedling stage are 
similar in their rea:ction to race 45. Each gives a type 0 
reaction, i. e., chlorotic flecks occur on the leaves at points 
of infection. With both varieties heterozygous progenies 
resulting from crosses with susceptible varieties exhibit an 
incomplete dominance of resistance. The completeness of 
the expression of the dominant gene seems to be influenced 
by external environment and age in both cases, but in 
Landhafer it is more easily influenced than in Santa Fe. 
As plants become older, penetrance of the Landhafer 
gene for resistance becomes less, and infected heterozy-
gous plants may reach the clasdfication of moderately 
susceptible (type 3). Since the two varieties belong to 
two different species and inheritance for resistance to 
ra'ce 1 is different, as is mature plant reaction, it is 
asmmed that the factors for resistance of Santa Fe and 
Landhafer are probably dependent upon different genetic 
factors. The Santa Fe factor is designated as S and the 
Landhafer factor as L for convenience of identification 
of genes governing resistance to crown rust. 
INVESTIGATIONS WITH RACE I 
CROSSES OF RESISTANT AND SUSCEPTIBLE VARIETIES 
In the crosses D67 x Bond and Sac x Hajira-Joanette 
each contained one resistant parent of similar reaction t~ 
race 1 (type 0), While D67 and Hajira x Joanette were 
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completely susceptible (type 4). Mature plant reactions 
of the F:! generation in the field in 1946 and seedling re-
acti:ms of F:! and F;l generations in the greenhouse in 
1946 and 1947, respectively, are summarized in table 4. 
Both crosses segregated for reaction to race 1 in the 
mature plant and seedling stage. The F2 generation seg-
regated on the basis of 9 resistant plants to 7 susceptible, 
while t 1'8 V, lines bred 1 resistant to 8 segregatin'~ to 7 
susceptible. Comparing individual results obtained in table 
4 with ratios expected, P values of between 0.9 and 0.1 
were obtained except in the single case of observations 
made in the field with a relatively small F2 population of 
Sac x Haj ira-J oanette. The expected on a basis of 9 resist-
ant to 7 susceptible plants was 55.7 and 43.3, and the 
actual number observed was 67 and 32, respectively. The 
fairly low P value of between 0.05 and 0.02 obtained in 
this particular case probably is due to chance sampling. 
Inheritance of resistance to race 1 of crown rust in these 
two crosses can be explained on a two-factor difference. 
Two dominant complementary factors (A and B) are 
carried by Bond and Sac parents. Both factors are inherit-
ed independently and both must be present to give a plant 
the expression of the Bond type of resistance. If either 
or both of these factors are r£o.::essive (aaBB, aaBb, AAbb, 
Aabb or aabb) the plant is completely susceptible and 
will brEed true for susceptibility. 
CROSSES OF RESISTANT VARIETIES 
F2 and F3 progenies of four crosses (Santa Fe x Clinton, 
Bond x Victoria, Mindo x Tama and Mindo x -Landhafer) 
were studied in which segregation occurred for reaction 
to race 1 of P. coronata avenae even though all parents 
were resistant. Clinton, Mindo and Bond are nearly im-
mllne, with a reaction type O. The reactions of Landhafer 
and Santa Fe are similar, but differ from the Bond type of 
reaction to race 1 in that more chlorotic flecking develops 
following inoculation. Victoria and Tama have a type 2 
reaction. 
As shown in table 4, susceptible plants oc·curred in F 2 
in the ratio of 1 to 15 in the cross of Santa Fe x Clinton 
and 7 to 57 in t1.e other three crosses in both field and 
greenhopse studies. In F;1 all susceptible plants bred·true 
while resistant plants either bred true or segregated for 
susceptibility and resistance. Agreement between obseryed 
and expected counts generally was good. 
TABLE 4. INHERITANCE OF RESISTANCE TO RACE 1 OF PUCCINIA CORONATA AVENAE IN SEVERAL OAT CROSSES 
GROWN IN THE FIELD AND GREENHOUSE. 
---- . 
Observed No. ot plants or lines Varietal combination and Gener- or Chi-
location ot eplphytotlc atlon expected' Res. Seg. or int. Susc. square P 
Crosses ot resistant and susceptlbles 
D67 x Bond 
Field F. 0 49 40 0.v5 0.9-0.8 
E(9:7) 50.1 38.9 
Greenhouse Fa 0 29 224 186 0.4 0.9-0.8 
E(1:8:7) 27.4 219.5 192.1 
Greenhouse F. 0 117 153 0.9 0.4-0.3 
E(9:7) 185.6 141.4 
Sac x HaJlra-Joanette 
Field F2 0 67 32 5.3 <0.05 
E(9:1) 55.7 43.3 
Greenhouse Fa 0 28 259 199 2.1 0.4-0.3 
E(I:8:7) 30.4 243 212.6 
Greenhouse F. 0 21~ 145 1.9 0.2-0.1 
E(9:7) 203.1 157.9 
Crosses of resistants 
Santa Fe x Clinton 
Field F. 0 71 2 1.5 0.3-0.2 
E(15:1) 68.4 4.6 
Greenhouse F. 0 166 222 2·1 2.5 0.3-0.2 
E(7:a:l) 180.3 206 25.8 
Greenhouse F. 0 265 21 0.6 0.5-0.4 
~ 
E(15:1) 268.1 17.9 
Bond x Victoria 
Greenhouse F. 0 163 29 3.4 0.1-0.05 
EI57:7} 171 21 
Minda x Tama 
Field F. 0 54 12 3.6 0.1-0.05 
E(57:7) 58.8 7.2 
Greenhouse Fa 0 98 232 45 2.4 0.2-0.1 
E(19:38:7) 111.3 222.7 41.0 
Greenhouse F2·· 0 284 30 0.6 0.5-0.4 
E(57:7) 279.7 34.3 
Mlndo x Landhafer 
Field F, 0 66 8 <0.01 1.0-0.9 
E(57:7) 65.9 8.1 
Greenhouse Fa 0 108 212 28 3.0 0.3-0.2 
E(19:38:7) 103.3 206.6 38.1 
Greenhouse F2+· 0 154 23 0.8 0.4-0.3 
E(57:7) 157.6 19.4 
-o Is observed count and E Is expected. 
Observed count Is on a partially corrected Fa basis. 
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In the cross of Santa Fe x Clinton two dominant inde-
pendently inherited factors apparently govern resistance 
to race 1, since the susceptible types occurred in the ratio 
of 1 to 15 in F2 under field and greenhouse 'Conditions, 
while F 3 lines segregated 7 resistant to 8 segregating to 
1 susceptible. Expected numbers for a 15:1 or 7:8:1 pheno-
typic ratio were very close ,to those observed for all popu-
lations studied, the P values being between 0.5 and 0.2. 
Since Clinton possesses the Bond type of reaction to 
race 1 and is of Bond parentage it is assumed that Clinton 
carries two dominant complementary factors (A and B) 
for resistance to race 1 of P. coronata avenae as was found 
for Sac and Bond. It also is known from inoculation studies 
that the factor for resistance to crown rust of Santa Fe 
is governed by a single dominant factor (S) which also 
gives resistance to race 45. (See section on investigations 
with race 45.) Thus with three known factors present in 
these two varieties for crown rust resistance (A and B 
from Bond and S from Santa Fe) and segregation occur-
ring for only two factor pairs, A or B must be common 
to each of the two parents. This would account for segre-
gation occurring on a dihybrid basis with genes Sand 
A or B contributing equally toward resistance to race 
1 in this cross. These assumptions were verified when 
breeding behavior of F2 plants and lines was determined 
for separate reactions to race 1 or race 45. Observed and 
expected counts with 412 Fa lines when inoculated with 
separate races and the breeding behavior obtained are 
given in table 5. Observed and expected frequencies were 
in good agreement. 
Inheritance of resistance to race 1 in the cross of Mindo 
x Landhafer was governed by interaction of two dominant 
complementary factors from Mindo (A and B) with the 
simple dominant (L) carried by Landhafer. As shown 
in table 4, susceptible plants occurred in F2 in the ratio 
of 7 in 64 in both field and greenhouse studies, and in Fa 
these susceptible plants bred true. Resistant plants in the 
F 3 generation either bred true for resistance or segregated 
for resistance and susceptibility as expected on a three-
factor basis with A and B dominant complementary fac-
tors and L a simple dominant for resistance to race 1. Ob-
served counts were in good agreement with expected. 
Fz and F3 segregation in crosses of Bond x Victoria and 
Mindo x Tama was similar (table 4). In two Fz popula-
tions studied in the field and greenhouse, resistant plants 
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TA "IT"E Ii. FACTORIAL ANALYSIS' AND BREEDING BEHAVIOR IN Fs OF 
SANTA FE x CLINTON TO INDIVIDUAL RACES 1 AND 45 OF PUCCINIA 
CORONATA A VENAE. 
F, r:nno- F. Breeding behavior Obser- Chi-
type ratio In Fa ved Expected square 
SSAA 4 B-.d tru. for re- 97 103.0 0.4 
SSAa slstance to raceS 
SSaa 1 and 45 
SsAA 2 Segregated for race 53 51.5 
45 and bred true 0.04 
for resistance to 
race 1 
S.Aa 6 Segregated for both 164 154.5 0.6 
Ssaa races 
9AA 1 Bred true for resistance 15 25.8 4.5 
to race 1 and suscepti-
bility to race 45 
ssA~ :i Segregated for resistance 59 51.5 1.1 
to race 1 and bred true 
for susceptibility to 
race 45 
ssaa 1 Bred true for susceptl- 24 25.8 0.1 
blllty to races 1 and 45 
Total 16 412 412.1 6.7 
P tor 5 degrees of freedom for chi-square of 6.7 = 0.3-0.2. 
OIn addition to the dominant factor S c~rried by Sant~ Fe for re:;!stance to 
race 1. this variety carries either A or B (referred to as A In this nnalysl.) 
In comm~n with the dominant complementary factors of Clinton for resistance 
to race 1 so that the observed segregation Is on a two-factor hasls. 
(Victoria and Bond types) occurred in the frequency of 
57 to 7·completely susceptible. In F3 with extensive studies 
in the greenhouse it was evident that three factors con-
tributed toward resistance. Two (A and B) were carried 
by Mindo and Bond and a third (V) was carried by Vic-
toria and Tama. A factorial analysis and the breeding 
behavior of seedling lines in F3 of the cross of Mindo x 
Tama to race 1 are given in table 6. Seven breeding classes 
were established: (1) true breeding for Bond type of 
resistance, (2) segregation for Bond type resistance and 
susceptibility, (3) segregation for Bond and Victoria type 
of resistance, (4) segregation for both types of resistance 
and susceptibility, (5) true breeding for Victoria type 
of resistance, (6) segregation for Victoria type of resis-
tance and susceptibility, and (7) true breeding for sus-
ceptibility. Factorial analysis presented in table 6 assumes 
that A and B are complementary and V is expressed only 
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TABLE 6. FACTORIAL ANALYSIS' AND BREEDING BEHAVIOR OF SEEDLING 
LINES IN F. OF MINDO X TAMA TO RACE 1 OF PUCCINIA CORONATA 
AVENAE ON THE BASI'S OF A THREE-FACTOR DIFFERENCE. 
F. genotype I Ratio I Breeding behavior in Fa I Expected I Observed I Chl-
number number square 
AABBVV 
AABBVv 4 fired true for Bond type 23.4 12 5.6 
AABBvv fPsistance 
AABbvv Segregated for Bond type re- 46.9 53 0.8 
AaBBvv 8 slstance <lnd susceptlblllty 
AaBbvv 
AABbVV 
AaBBVV 8 Segregated for Bond type re- 46.9 49 0.1 
AaBbVV slstance 'lJ'ld Victoria type 
resistance 
AABbVv 
AaBBVv 16 Segregated for all classes 93.8 106 0.2 
AaBbVv 
AAbbVV 
AabbVV 
aaBBVV 7 Bred true for Victoria type 0 41.0 34 1.2 
aaBbVV resistance 
aabbVV 
AAbbVv 
AabbVv 
'Segrega ted for Victoria 82.0 76 U.4 
aaBBVv 14 type tf."sistancc and sus-
aaBbVv centlblllty 
aabbVv 
AAbbvv 
Aabbvv 00 
aaBBvv 7 Bred true for susceptiblllty 41.0 45 0.4 
aaBbvv <. 
aabbvv 
Total I 375.0 375 8.7 
P for 6 degrees of freedom for chi-square 8.7 = 0.2-0.1. 
'A and B are complementary factors for the Bond type of resistance carried by 
Minda. Factor V is a simple dominant for resistance of the Victoria type carried 
by Tama. V Is not expressed when In the presence of the factorial base which 
results in the Bond type of resistance. I.e., the Victoria type reaction Is ex-
pressed only in susceptible germ plasm. 
when in presence of germ plasm su'Sceptible to P. coronata 
avenae. That is, when A and B are present to give the 
Bond type of resistance the fungus is prevented from de-
veloping to the sporulation stage, when tissue 0 collapse 
(conditioned by V) normally begins. 
The expected frequency for the seven breeding classes 
in F3 was 4:8:8 :16:7 :14 :7_ Actual observed frequencies 
compared with expected on the three-factor hypothesis 
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did not deviate significantly. A P value of between 0.2 and 
0.1 was obtained. 
The epistatic effect of the Bond factors on the hyper". 
sensitivite-·Victoria gene for resistance to crown rust was 
substantiated by action of race 45 on plants which gave 
the Bond type reaction in certain classes. As expected, all 
plants in the class segregating for resistance of the Bond 
and Victoria type with respect to race 1, when inoculated 
with race 45 to which the Bond type plants are susceptible, 
gave a characteristic Victoria type reaction. 
Similarly, among 12 Fa lines classified as breeding true 
for the Bond type of resistance to race 1 when further 
inoculated with race 45 to determine their genotype for 
factor V, 2 bred true for the Bond type as indicated by 
complete susceptibility to race 45, 7 segregated for Victoria 
type resistance and complete susceptibility to race 45, 
while 3 bred true for Victoria type of resistance. Testing 
the observed numbers with the expected on a single factor 
hypothesis a P value of between 0.8 and 0.7 was obtained. 
It is evident from observations made on plants carrying 
both Bond and Victoria factors for resistance that the 
Victoria factor V for ·resistance to races 1 and 45 of P. 
coronata avenae is one of extreme susceptibility or hyper-
sensitivity. Only in germ plasm of susceptible progenies 
ean V express itself. If the fungus is allowed to develop to 
the sporulating stage, the host tis3ues can be properly acted 
upon by the infecting P. coronata avenae organism. If 
development of the parasitic organism is inhibited, the 
characteristic Victoria type of reaction will not appear. 
As will be brought out later, the relationship of the hyper-
sensitive type of ·crown rust reaction of Victoria to sus-
ceptibility to H elminthosporium victoriae may be due to 
the release by the pathogen of a toxic material into the host 
cells which possess Victoria germ plasm for crown rust 
resistance. 
INHERITANCE OF REACTION TO HELMINTHOSPORIUM 
VICTORIAE 
Seedling and mature plant resistance and susceptibility 
to H. victoriae were investigated in F 2 and F 3 of six 
crosses-Mindo x Tama, Bond x Victoria, Mindo x Land-
hafer, D67 x Bond, Sac x Hajira-Joanette, and Santa Fe 
x Clinton. Although occasional H. victoriae-susceptible 
plants occurred in progenies of Mindo x Landhafer, two 
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TABLE 7. INHERITANCE OF RESISTANCE TO HELMINTHOSPORIUM 
VICTORIAE IN FmLD AND GREENHOUSE TESTS. 
No. of plants or 
lines 
Crosses and location Gener- Observed or Chl-
of eplphytotlc atton expected Res. Beg. Bu~c. square p 
- --------
Bond x Victoria 
Greenhouse F. 0 32 82 0.8 0.5-0.4 
E(1:3) 28.5 8S.S 
Minda x Tama 
0 15 5S 0.5 0.5-0.4 
Field • F. E(1:3) 17.5 52.5 
Field • F. 0 82 t83 109 4.1 0.2-0.1 
E(I:2:1) 93.5 187 93.S 
• Also checked In greenhouse. 
resistant parents, it was assumed that these were the 
result of natural crossing with plants genetically suscep-
tible to H. 'lJictoriae. Morey (25) has shown that natural 
crossing may be relatively high in Iowa. At two locations 
in 1945, he found Mindo growing adjacent to a black-glumed 
variety, resulted in an average of 2.91 percent natural 
crossing. With progeny of an interspecific cross such as 
Mindo x Landhafer, even more natural crossing might be 
expected, since flowers of some plant lines were observed 
to remain open for an unusually long period of time. .1 
Segregation for 'resistance and susceptibility to H. ~ic­
~oriae was observed in F2 and Fa of 'crosses of Bond x 
Victoria and Mindo x Tama. Tama and Victoria were 
highly susceptible while Mindo and Bond were highly re-
~istant to this pathogen. F2 and Fa data for these two 
crosses are given in table 7. A very good fit for a single 
factor difference with dominance of susceptibility was 
obtained in field and greenhouse tests, P values falling 
between 0.5 and 0.1. 
As was shown in a separate part of this study, a sub-
stance is produced by H. 'lJictoriae which is extremely toxic 
to plants carrying the V factor for hypersensitivity to 
races 1 and 45 of P. coronata avenae. Evidence has been 
presented which indicates that the same gene goyerns sus:' 
ceptibility to H. 'lJictoriae and the hypersensitive type of 
resistance to certain races of P. coronata avenae, i. e .. it 
has a pleiotropic effect. H elminthosporium 'lJictoriae grows 
as a facultative parasite which can completely destroy the 
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Fig. 3. TWo dwart segregates tram Minda x Landhater. Note excessive. tlllering 
and small size In contrast to the normal plant at the same age. 
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host by the toxic substance produced, whereas P. coronata 
avenae is an obligate parasite which gives protection to 
the host by destroymg host cells in the immediate vicinity 
of infection as fructification begins. 
INHERITANCE OF CHARACTERS OTHER THAN DISEASE 
REACTION 
DWARFNESS 
!nheritan~c cf dwarfness was extensively studied in F:,! 
and F:l generations of Mindo x Landhafer, Mindo x Tama, 
and D67 x Bond. In one of 486 Fa lines of Sac x Hajil'a-
Joanette, segregation was observed for dwarfness. Dwarf 
plants in this population never developed beyond the 
grassy-tuft stage, and they occurred in the frequency of 
about 1 to 3. The field count was 23 normal to 9 dwarf 
plants compared ,vith the expected of 24 to 8, respectively, 
if dwarfness is expressed as a simple recessive. 
Dwarf plants which occurred in Mindo x Landhafer 
rarely grew more than 4 inches in height (fig. 3). Many 
failed to develop beyond the primary-leaf stage whire those 
which lived beyond the two- or three-leaf stage produced 
an extensive tuft of leaves or short culms. Occasionally 
a spikelet appeared in the greenhouse which might have 
produced seeds had plants not been overcrowded in the 
pots. 
Fig. 4. Tru~ breed!n, F, dwarf Hnes, resulting frcm the cress of 11, 2, 3. 41 D67 
x Bond and (5, 6, 7) Mindo x Tama. A normal row of (8) Mindo i. included for 
comparison. Note extens!ve tiller:ng· of the dwarf types. 
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TABLE 8. INHERITANCE OF' DWARFNESS IN MINDO X LANDHAFER. MINDO X 
TAMA AND 067 X BOND. 
Crosses and 
location of 
test 
Mlndo x Landhafor 
Greenhous2 
Greenhouse 
Field 
Mlndo x Tama 
Fle!d 
Field 
067 x Bond 
l"!eld 
Field 
F. I 
F. 
F. 
F. 
'1". 
F. 
F. 
0 122 
E(3:1) 132.8 
0 238 
E(3:1! a40 
0 131 
E(1:2:01* 116.3 
0 431 
E(1~'11 435.9 
0 176 
E(7:8:1J 166.3 
0 439 
E(15:1) 441.6 
0 197 
EI7:8:11 192.1 
55 3.6 0.1-0.05 
44.3 
82 0.1 0.3-0.7 
SO 
218 0 2.8 ').1-0.05 
~32.7 0 
34 0.9 0.4-0.3 
29.1 
188 16 3.1 0.3-0.2 
193 23.8 
32 0.2 ).7-0.6 
~9.4 
224 18 3.5 0.2-0.1 
219.5 27.4 
'Dwarf plants In the F. produced no seed, therefore the expected number In the 
true breeding elMS for dwarfness would be zero. . 
Dwarf plants from Mindo x Tama and D67 x Bond 
were distinctly different from those found in Mindo x 
Landhafer. They ranged from about 10 to 18 inches in 
height when grown in pure stands in the field,produced 
variable amounts of seed, and tillered profusely. Photo-
graphs of some true breeding dwarfs found in these two 
crosses appear in fig. 4. 
Table 8 gives modes of inheritance and tests for good-
ness of fit for dwarfness based on the breeding behavior 
in F3: A good fit to expected ratios was obtained for all 
groups studied. Dwarfness in Mindo x Landhafer appeared 
to be monogenic in inheritance while dwarfness in Mindo 
x Tama and D67 x Bond was found to be digenic with 
normalness being completely dominant. 
NODAL PUBESCENCE 
Presence or absence of nodal pubescence was studied in 
F2 and F:\ progenies of Santa Fe x Clinton, D67 x Bond, 
and Mindo x Landhafer. Santa Fe, Landhafer and Bond 
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F!3'. 5. Nodes of (1) M 'ndo, (2) L andhafer, (3) D67, (4) Bond, (5) Santa F e 
an:1 (0) C ::nton ,how In] d ifferences In node pubescer.ce. 
have pubescent nodes while Clinton, D67 and Mindo do 
not (fig. 5). Only two classes were employed for c1assify-
i"." pr0qe1'i~s of these cr;)s~ es: pubescent and nonpubes-
cent. No difficulty was encountered in determining this 
character either in the field or greenhouse, although minor 
differences did occur in extensiveness of pubescence. A 
summary of results is given in table 9 for the separate 
crosses. None of the three crosses had wide deviations from 
the expected single factor difference with pubescence in-
completely dominant. 
TABLE 9. TNH';;R! TANCE OF NODAL PUB"ES-FNCE OF Fl PLANTS AND F .• 
LINES !N SANTA FE x CL:NTON, D67 x B:)ND AND M!ND::> x LANDHAFEi<. 
NO. of plants or 
Cresses amI location Gener- Observed lines Chl-
of test aUen or Pubes- Segre- Nen-pub- square p 
expected cent gating escent 
-
----
15anta Fe x Clinton 
Greenhouse F. 0 211 ~5 0.2 0.7-0.6 
E(l:1) 214.5 71.5 
Field F. 0 95 219 97 1.7 0.5-0.4 
E(1:2.1) 1~3 206 103 
D67 x Bond 
Greenhouse F. 0 23~ 94 2.1 0.:1-0.1 
E(3:1) 247 .• 82.5 
Field F. 0 96 232 III 2.5 0.4-0.3 
E(l :2 :1) 109.3 219.5 109.S 
Mlndo x Landhafer 
Greenhouse F. 0 178 ~6 3.3 0.1-0.05 
E(3:1) 193.~ 63.5 
FIeld F. 0 71 183 93 3.8 0.2-0.1 
E(l :2:1) Stl.S 173.5 868 
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Fig. 6. Lower floret1 of (1) D67 , (2) Bond, (3) Mtndo and (4) Landha:« 
ShOW:~l] dirrere~Jce:3 in number of basa.l ha:rs. 
Dt.S ~L HAIRS 
Threshed samples of VI lines and parents of Mindo x 
Landhafer and D67 x Bond were studied for basal hair 
number of the lower floret. Bond and Landhafer parents 
have numerous basal hairs (about 30 or more) while only 
a very occasicnal seed of DG.7 and Minda has up to a 
TABLE 10. INHERITAN r:F ("IF BASAL PA"T.. NTJMTJr"l. TN F , L~NES OF M!NDO :;; 
LANDHAFER AND ·D67 ' X BOND. 
N~ > of line'S I Obsorvcd I 
Bas,,\ halr~ I B3sal I Chi-I Cr05SC!5 
. exp~~~~d S:g,c- h"lrs toquarc p num ~ !'~us \ ' 'l''', ; n~ ahs·"lnt. 
051 x B~"d 
I 
0 
I 
109 224 106 0.2 0.9·0.8 
Ell :2: 1) 10~ .8 ~19.5 1~9 . S 
U~ndo " !" i ndhafe: I 0 
I 
Rl C 184 i 83 1.3 0.6-0.5 
E(1 :2:l) 86.8 173.5 83.8 
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few hairs on the base (fig. 6). For the purpose of classify-
ing seed for basal hairs from Fa plant lines, ba!al hair 
numbers were classified either as numerous, absent, or 
segregating. Although length differences did occur in some 
progenies, these were not studied. The data for the two 
crosses and chi-square tests for goodness of fit to a 1:2:1 
ratio are given in table 10. Very good agreement between 
observed and calculated ratios was obtained. 
Inheritance of earliness was investigated in two crosses, 
but only the results of one will be reported. In Mindo x 
Landhafer, lateness was confounded \vith dwarfness and 
as a consequence many plants could not be correctly classi-
fied. F2 and F;1 prJgeniss of ~anta Fe x ClintO:i1 -;!ould be 
readily separated into two distinct classes for growth 
habit, plants heading and maturing early, like the Clin-
ton variety, or late like the Santa Fe varietv (fig. '1). 
Clinton has an erect seedling growth habit and, following 
emergence under Iowa's climatic conditions, the plants 
Fig. 7. Nucs,ry rows of (11 C'!nton, (21 Sln"O F~, 131 !..'nd:l1'e" an1 '4' '.Ur.do. 
Noi:p, e'lr1~n~ss of Cllnton end M:ndo pa:-ents 0:u1 l:lt,!!~C35 o~ Santa Fe and Y_andhc.fer. 
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TABLE 11. INHERITANCE OF EARLINESS IN F. PLANTS AND F3 LINES IN 
SANTA FE X CLINTON. 
No. ot plants or 
Observed lines 
Gener- or Begre- Ch!-Looation atlon expected Early gating Late square l' 
--
--
Greenhouse F. 0 226 72 0.1 0.8-0.7 
E(3:1) 223.& 74.5 
Field F. 0 345 128 1.1 0.2-0.1 
E(3:1) 354.8 118.3 
Field F. 0 119 193 100 :'-4 0.4-Q.3 
E(1:2:l) 103 206 103 
pass in a continuous fashion through the various growth 
phases of jointing, heading and flowering to an early 
maturity. Santa Fe, on the other hand, does not uniformly 
pass through the different stages of plant development in 
rapid succession under existing climatic conditions at 
Ames, and the result is late maturity. After emergence 
plants remain for a considerable length of time in a nearly 
decumbent condition, and during this time tillering may be 
extensive. Finally, after the plants responding similarly to 
those of Clinton have headed, those which possess this 
delayed jointing character of Santa Fe begin to pass 
through the different stages of jointing, heading and flow-
ering. The time difference in maturity between those re-
sponding like Santa Fe and Clinton was about one month, 
or even more. Similar results were obtained under both 
greenhouse and field conditions. 
As shown in table 11, about three-fourths of the Santa 
Fe x Clinton plants were as early as Clinton, the early 
parent, and one-fourth as late as the Santa Fe parent. 
The field di£tribu.tion~ as verified by the Fa segregation 
of 412 lines was in the ratio of 1 early, 2 segregating and 
1 late, suggesting that one factor pair with earliness 
dominant governs inheritance for earliness. in this cross. 
Very good agreements to the number expected on a single 
factor difference were obtained for the three groups 
studied. P values were between 0.8 and 0.1. 
RELATIONS BETWEEN CHARACTERS 
Independence or association of factors governing re-
action to races 2 and 8 of·P. graminis avenae and races 1 
and 45 of P. coronata avenae and to H. victoriae with each 
other, and with certain seed and plant characters was 
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determined for five different crosses. The chi-square and 
P values obtained for each comparison of characters are 
given in table 12, as are estimated linkage intensities be-
tween characters found to be linked. 
Complete association of susceptibility to H. victoriae 
and resistance to crown rust of the hypersensitive type 
occurred in crosses where these characters could be studied. 
Hypersensitive type of crown rust reaction was linked with 
susceptibility to H. victoriae in all of the thousands of 
plants tested. Resistance to crown rust of the hypersen-
sitive type possessed by Victoria always was associated 
with susceptibility to H. victoriae and is apparently de-
pendent upon the gene for susceptibility to this pathogen 
for its expression. In H. victoriae-susceptible germ plasm, 
resistance to crown rust can be expressed, while in its 
absence plants are susceptible unless there are other fac-
tors present for resistance which inhibit regular develop-
ment of P. coronata avenae. The genetic results and inter-
pretation agree with results obtained in a separate study 
where an attempt was made to determine the nature of 
resistance and susceptibility of the host to these two 
pathogens. Substances produced by the two parasites ap-
parently have similar effects on host cells which possess 
the gene for susceptibility to H. victoriae. The difference 
in reaction is dependent upon the nature of the organism 
parasitizing the host. , 
Stem rust reaction and nodal pubescense were strongly 
linked in the repulsion phase in three crosses in which 
these contrasting characters were studied. Linkage in-
tensities of 0.193 -+- .046, 0.379 -+- .042 and 0.387 -+- .045 
were obtained for D67 x Bond, Santa Fe x Cli,nton and 
Mindo x Landhafer, respectively. Except for the as-
sociation of the hypersensitive type of resistance to 
crown rust and sU8'ceptibility to H. victoriae reported 
by Murphy and Meehan (28) this is the only report of 
linkage in oats of factors governing disease resistance 
with another character. 
A possible linkage of reaction to stem rust and crown 
rust in the cross of Sac x Hajira-J oanette is suggested by 
the relatively high chi-square value of 22.92 (P=<O.Ol). 
Because of the nature of the cross and the difficulty of 
studying the effects of individual factors for stem rust 
reaction, it could not be determined how the factors were 
associated. If this is a valid association, the linkage pro-
bably would involve the factors from the Hajira x Joanette 
TABLE 12. CHI-SQUARE TESTS FOR INDEPENDENCE OF FACTORS GOVERNING REACTION TO PUCCnUA GRAMINIS A VENAE. P. 
CORUNATA AVENAE, AND lJELMINTIIOSPORIUM VICTORIA'E AND OTHER CIIARACrERS IN FIVE OAT CROSSES. 
Characters compared In different crosses 
Santa Fe x Clinton 
Crown rust 45 and stem rust reaction 
Crown rust 45 reaction and earliness 
Crown ru,t 45 reaction and nodal pubescence 
Crown rust 1 and .stem rust reaction 
Crown rust 1 and earliness 
Crown rust 1 reaction and nodal pubescence 
Stem rust reaction and earliness 
Stem rust reaction and nodal pubescence* 
Earliness and nodal pubescence 
Sac x lIajlra-Joanettc 
Crown rust 1 and stem rust reaction 
l\I1ndo x Tam" 
Crown rust 45 and stem rust reaction 
Crown rust 45 and H. v;ctoriae react~on 
Crown rust 45 and dwarfness 
Crown rust 1 nnd stem rust reaction 
Crown rust 1 and H. victoriae reaction 
Crown rust 1 and dwarfness 
Stl!m rust and Ho victorine reaction 
Stem rust reaction and dwarfne.s 
H. v:c:oriae reaction and dwarfness 
Chl-
square 
5.5 
1.1 
1.6 
3.2 
2.9 
9.9 
6.5 
112.2 
3.1 
22.9 
3.7 
748.0 
0.5 
6.8 
476.9 
2.8 
3.1 
6.4 
0.5 
D. P. 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
P 
0.3-0.2 
0.2-0.1 
0.2-0.1 
0.6-0.5 
0.6-0.5 
<0.05 
0.2-0.1 
<0.C1 
0.5-0.4 
< 0.01 
0.5-0.4 
< 0.01 
1.0-0.9 
0.2-0.1 
< 0.01 
0.6-0.5 
0.5-0.4 
0.2-0.1 
1.0-0.9 
Association 
of 
characters 
Independent 
Independent 
Independent 
Independent 
Independent 
Prob. Ind. 
Independent 
Linked 
Independent 
POSS. Linked 
Independent 
Linked or 
same factor 
Independent 
Independent 
Linked or 
same factor 
Independent 
Independent 
Independent 
Independent 
II>-
00 
00 
Characters compared In different crosses 
Mlndo x Landhafer 
Crown rust 45 and stem rust reaction 
Crown rust 45 reaction and dwarfness 
Crown rust 45 reaction and basal hairs 
Crown rust 45 reaction and nodal pubescence 
Crown rust 1 and stem rust reaction 
Crown rust 1 reactlon and dwarfness 
Crown rust 1 reaction and basal hairs 
Crown rust 1 reaction and nodal pubescence 
Stem rust reaction and dwarfness 
Stem rust reaction and basal hairs 
stem rust reactlon and nodal pubescence" 
Dwarfness and basal hairs 
Dwarfness and nodal pubescence 
Basal hairs and nodal pubescence 
D67 x Bond 
Crown rust 1 and stem rust reactloll 
Crowll rust 1 and dwarfness 
Crown rust 1 and basal hairs 
Crowll rust 1 and nodal pubescellce 
Stem rust reactlon and dwarfness 
Stem rust reactlon and basal hairs 
stem rust reaction and nodal pubescence" 
Dwarfness and basal hairs 
Dwarfness and nodal pubescence 
Basal hairs and nodal pubescence 
TABLE 12 (Continued) 
Chl-
square 
2.0 
7.6 
8.5 
1.6 
6.7 
4.4 
4.6 
6.3 
2.5 
6.5 
54.4 
3.6 
7.1 
5.2 
16.6 
9.0 
2.7 
11.7 
3.7 
1.4 
231.0 
12.5 
7.5 
2.8 
/ 
D. F. P 
4 0.8-0.7 
2 <0.05 
4 0.1-0.05 
4 0.9-0.8 
4 0.2-0.1 
2 0.2-0.1 
4 0.4-0.3 
4 0.2-0.1 
2 0.3-0.2 
4 0.2-0.1 
4 <0.01 
2 0.2-0.1 
2 <0.05 
4 0.3-0.2 
4 <0.01 
4 0.1-0.05 
4 0.7-0.6 
4 <0.02 
4 0.5-0.4 
4 0.9-0.8 
4 <0.01 
4 <0.02 
4 0.2-0.1 
4 0.7-0.6 
Association 
of 
characters 
Independent 
Prob. Ind. 
Independent 
Independent 
Independent 
Independent 
Independent 
Independent 
Independent 
Independent. 
Linked 
Independent 
Prob. Ind. 
Independent 
Prob. Ind. 
Independent 
Independent 
Prob. Ind. 
Independent 
Independent 
Linked 
Prob. Ind. 
Independent 
Independent 
"Linkage Intensities between factors for stem rust reaction and nod .. l pubescence In D67 x Bond, Santa Fe x Clinton and Minda x Land-
hafer were determined to be 0.193 :to .046, 0.379 :to .042 and 0.387 :to .045, respectively. 
,;. 
ex) 
~ 
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parent, since the factor for resistance to stem rust from 
Sac is probably similar to that of Clinton and Mindo which 
was independently inherited. 
All other character combinations listed in table 12 
probably were inherited independently. In individual cases 
where P values of below .05 were obtained, a close study 
of the data revealed that the high chi-square values could 
be attributed to deviations from the expected through 
a non-random sample. Comparisons with other characters 
in the same and other crosses also substantiated the con-
clusions that these characters probably were inherited in-
dependently. 
DISCUSSION OF RESULTS 
Studies on inheritance of reaction to Puccinia graminis 
avenae indicate that resistance and susceptibility to races 
2 and 8 in seedling and mature plant stages are dependent 
on a single factor pair in crosses of Mindo x Landhafer, 
Mindo x Tama, Santa Fe x Clinton and D67 x Bond and 
on three factor pairs in the cross of Sac x Hajira-J oanette. 
Mindo, D67, Clinton and probably Sac each possess a 
single dominant gene which governs resistance to the 
two races. The factor of Tama for resistance to race 2 
is different from the one of Mindo and similar varieties 
which gives resistance to races 2 and 8. In progenies of 
Mindo x Tama no plants were obtained which were sus-
ceptible to race 2, while segregation was observed for re-
action to race 8 or a composite of the two races on a 
monohybrid basis. When a composite of the two races was 
used, plants classified as susceptible actually were mes-
othetic when more closely examined, while if race 8 was 
used as inoculum only a susceptible type reaction was ob-
served. These observed segregations for a single dominant 
factor pair for reaction to stem rust are in accord with 
those of Garber (12,13), Griffee (17), Hayes, et. al. (18), 
Dietz (7), Waterhouse (42), Welsh (44), Smith (35), 
Hayes, et al. (19), Torrie (40), Cochran, et al. (3), and 
Ko, et al. (21). The .existence of an allelomorphic series of 
factors for resistance to stem rust, as was observed in the 
Mindo x Tama cross, was also reported by Smith (36). 
Stem rust reaction as observed in the crosses Santa Fe . 
x Clinton, Mindo x Landhafer and D67 x Bond was found 
strongly linked in the repulsion phase with nodal pu-
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bescence. Such an association previously has not been re-
ported. This relationship can be a visual aid to the breeder 
in selecting stem rust resistant progeny in hybrid popu-
lations. 
Inheritance of stem rust reaction was more complex in 
the Sac x Hajira-Joanette cross. Segregation was somewhat 
similar to that observed in Mindo x Tama except that se-
gregation was for three factor pairs instead of one. Plants 
having a mesothetic reaction to a composite inoculum of 
races' 2 and 8 in the seedling stage appeared in F 2 in the 
ratio of 1 to 63. Plants having the mesothetic reaction to 
the composite inoculum bred true in the next generation, 
while resistant plants either bred true or segregated for 
resistance and the mesothetic type reaction. 
When inoculated with race 2 all progenies were resistant 
(types 1 and 2), while with race 8 only those responding 
mesothetically to the composite of the two races gave a 
susceptible reaction. Analyzing such an observed segrega-
tion, four factors governing stem rust reaction must be 
involved in the cross even though segregation occurred for 
only three factor pairs. One factor pair Wlluld behave simi-
larly to that described in the cross of Mindo x Tama, i. e., 
Sac would carry a factor for resistance to races 2 and 
8, while an anel for resistance to race 2 would be carried 
by Hajira x Joanette. Segregation thus would occur at this 
locus for resistance to race 8 or a composite of the two 
races, while no segregation could be observed for reaction 
to race 2, since all progeny would give a resistant reaction. 
The other two factors which contribute resistance to race 
8 would be carried by Hajira x Joanette as dominants. 
When these factors from Hajira x J oanette are combined 
with the one from Sac, segregation on a three-factor dif-
ference would result when tested against race 8 or a com-
posite collection of races 2 and 8. Such an analysis would 
not conflict with Welsh (46) who has intensively studied 
inheritance of stem rust in Hajira and Joanette varieties 
and hybrids of the two varieties. 
A possible linkage may exist between the factors for stem 
rust resistance possessed by Hajira x Joanette with reaction 
to race 1 of crown rust. However, since the relationship 
between the factors for stem rust and crown rust reaction 
cannct be truly evaluated, further work will be necessary 
to determine the validity of this linkage. 
Five independently inherited factors (A, B, L, Sand 
V) were found to govern resistance to races 1 and 45 of 
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P. coronata avenae in this investigation. Only factors A. 
B and V previously have been reported. Factors A and 
B were inherited as dominant complementary factors for 
resistance to race 1 in five of six crosses studied. These 
factors are responsible for the Bond type of resistance 
(type 0, nearly immune) to race 1. Hayes, et al. (19), 
Weetman (44), Cochran, et al. (3) and Ko, et al. (21) 
similarly reported the complementary action of A and B 
factors possessed by Bond for resistance to certain races 
of P. coronata avenae. 
_ Hypersensitive type of resistance to races 1 and 45 pos-
sessed by Victoria and Tama was inherited as a simple 
dominant. This is in agreement with inheritance studies 
of Weetman (44), Cochran, et al. (3) and Murphy and 
Meehan (28). A complete linkage of the V factor for re-
action to P. coronata avenae with susceptibility to H elrnin-
thosporiurn victoriae was observed in these studies. Since 
susceptibility to H. victoriae and resistance to races 1 and 
45 of P. coronata avenae appear to be dependent upon cellu-
lar sensitiveness of the host to toxic substances produced by 
these two fungi, the single V factor is considered pleiotropic 
in its effects and is responsible for resistance and suscepti-
bility to both diseases. With an obligate parasite such as P. 
COl'onata avenae host resistance would result because of the 
physical barrier created by severing the food supply by 
collapse of cells surrounding the point of infection. Con-
versely, complete susceptibility would result with H. vic-
toriae, a facultative parasite, which can continue to parasi-
tize the plant until the susceptible host is completely des-
troyed by diffusion of a toxic substance into the host cells. 
Since H. victoriae is prevalent in the major part of the 
oat production area of the eastern half of the United States 
it would appear inadvisable at this time to continue using 
the V factor for resistance to race 45 in subsequent breed-
ing efforts. 
The Land S factors for resistance to crown rust of 
Landhafer and Santa Fe, respectively, govern resistance to 
races 1 and 45 as simple dominants in both seedling and 
mature plant stages. With Landhafer, however, expression 
of the L factor becomes less effective in controlling crown 
rust as plant tissues become older, and some infection and 
sporulation does occur. This was evident both in the green-
house and field. These two factors, especially the one (S) 
from Santa Fe, are excellent sources for resistance to race 
45. Factors A and B will not control resistance to race 45 
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which pa.rasitizes such varieties as Bond, Clinton, Benton, 
Sac, Mindo and Bonda. 
No disease, plant or seed character was found linked 
with the factors for crown rust resistance. All were inherit-
ed independently. This is in accord with findings of Smith 
(36), Hayes, et al. (19) and Torrie (40). 
Dwarfness was variously inherited in crosses of normal 
varieties. Segregation for dwarfness occurred as a simple 
recessive in Mindo x Landhafer and as a double recessive 
in Mindo x Tama and D67 x Bond. Dwarf plants occurred 
in an F:~ line of Sac x Hajira-Joanette iu. the ratio of about 
one to three or as a simple recessive. Dwarfness in this 
latter case probably resulted from a mutation, since it was 
the only line out of 486 grown which segregated for this 
character. Dwarf segregates of the double recessive type 
were about one-half normal for height, tillered profusely 
and generally produced seed, while those segregating as 
a simple recessive died. These latter types did not develop 
beyond the seedling stage. The dwarf character which is 
not lethal might be usable in the development of a type for 
grazing purposes. Dwarfness was not observed to be linked 
with any of the characters with which it was compared. 
In the cross of Santa Fe x Clinton earliness was simply 
inherited, although varying degrees of complexity have 
been previously reported for this character. A single do-
minant determined earliness. No difficulty was encountered 
in the separation of plants into two distinct types for 
growth habit. Earliness was inherited independently of re-
action to stem rust, crown rust and nodal pubescence. Par-
tial dominance of earliness has been reported by Noll (32), 
Garber and Quisenberry (14), Shaw and Bose (35), and 
Torrie (40). 
Basal hair number in two Avena sativa x A. byzantina 
crosses (Mindo x Landhafer and D67 x Bond) was mono-
genic in inheritance as was reported by Fraser (11), Smith 
(36), Shaw and Bose (35), Hayes, et al. (19), and Torrie 
(40). The factor for basal hair number was inherited in-
dependently of stem rust reaction, crown rust reaction, 
dwarfness and nodal pubescence. Except for association 
with other kernel characters such as spikelet disarticulation, 
hairy rachilla, floret disjunction and awning, basal hairs 
have been reported by various workers as inherited in-
dependent of other characters studied. 
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